[bookmark: OLE_LINK137][bookmark: OLE_LINK138]3GPP TSG-RAN WG2 Meeting #105	R2-1900824
Athens, Greece, 25 February-1 March 2019	(revision of R2-1816819)


Agenda Item:	11.5.2
Source: 	MediaTek Inc.
Title:  	Delta signalling for UE capability indication

Document for:	Discussion and decision
[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
SA2 have discussed delta signalling mechanisms for the UE capability ID, and in the “Interim Conclusions” section of [1] it is indicated that such a solution is recommended for normative work, pending confirmation of its feasibility from RAN2.  This document discusses the delta signalling approach and its feasibility, with the intention of providing feedback to SA2.
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Delta signalling approach
When UE capability is represented by an ID, there can be various reasons for a particular UE to deviate from the “baseline” capabilities that its usual ID indicates.  For instance, PLMN-specific settings might result in different band combination support from the default.  One reason to provide a delta signalling scheme (as currently captured in [1], section 6.6) is to enable such a UE to benefit from the capability ID scheme, so that it can indicate “ID X, with variations Y and Z” rather than having to send its full capability to the network every time.
A second use case is the situation where the database of UE capability IDs is not yet updated with a particular UE’s capability, e.g. a new model UE facing a network that has not been updated.  If the UE can recognise this situation, it may be able to identify its capabilities for the network using a recognised ID, with delta signalling to indicate the necessary changes.
In addition, in case of a NAS capability update, delta signalling would allow a succinct way of indicating the change: The UE could indicate the same capability ID as it previously used, but with deltas to indicate the changes, such as removing specific band combinations or feature set combinations that are no longer supported after the change.
The basic mechanism of delta signalling is familiar from RRC reconfigurations, and there is no great complexity in implementing it.  We thus suggest that the use cases justify the effort of supporting delta signalling for UE capability ID.
Proposal 1: From a RAN2 perspective, the use cases justify supporting delta signalling along with the UE capability ID.
Selection of fields
In many cases, it could be expected that the UE could indicate its full capability with the index; the delta signalling mechanism is for exceptional cases.  Where such exceptions exist, it seems likely that they would be concentrated in the same fields of UE-NR-Capability and UE-MRDC-Capability that are responsible for most of the capability size: supportedBandCombinationList inside rf-Parameters, featureSets, and featureSetCombinations.  Another candidate would be the per-band parameters in rf-Parameters (e.g., in case a band is entirely disabled, removing the band could be a more efficient way of signalling the changed capability, compared to individually removing all the band combinations that use it).
Proposal 2: The baseline set of fields in UE-NR-Capability and UE-MRDC-Capability for which delta signalling is supported comprises supportedBandCombinationList, featureSets, and featureSetCombinations.  Additions to this set can be discussed.
Signalling design
The support for delta signalling need not be complex.  Where support is added, it is straightforward; for instance, a UE that wished to indicate “ID value X, with the addition of band combinations A and B” could signal the ID value X, along with an “additional supported band combination” list containing A and B.  In case support is removed (e.g., “ID value X, with the deletion of band combination C”), the UE could signal the ID value X, along with a ToRemove list containing the index of band combination C.  In other words, the deltas can be represented as ToRemove/ToAddMod lists in a variation on the existing delta signalling mechanism for RRC configurations.
Proposal 3: The delta signalling for UE capabilities can be supported by ToRemove/ToAddMod lists for the affected fields.
The corresponding ASN.1 might look like this:
    ue-CapabilityID							UE-CapabilityID,

	-- Delta signalling for band combinations
    supportedBandCombinationToRemoveList	SEQUENCE (SIZE(1..maxBandComb)) OF INTEGER (0..maxBandComb-1)		OPTIONAL,
	supportedBandCombinationToAddModList	SEQUENCE (SIZE(1..maxBandComb)) OF BandCombination		OPTIONAL,

	-- Delta signalling for feature sets (including DL, UL, and per-CC)
	featureSetsDL-ToRemoveList				SEQUENCE (SIZE(1..maxDownlinkFeatureSets)) OF FeatureSetDownlinkId		OPTIONAL,
	featureSetsDL-ToAddModList				SEQUENCE (SIZE(1..maxDownlinkFeatureSets)) OF FeatureSetDownlink		OPTIONAL,,
	featureSetsDL-PerCC-ToRemoveList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetDownlinkPerCC-Id		OPTIONAL,
	featureSetsDL-PerCC-ToAddModList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetDownlinkPerCC		OPTIONAL,
	featureSetsUL-ToRemoveList				SEQUENCE (SIZE(1..maxUplinkFeatureSets)) OF FeatureSetUplinkId		OPTIONAL,
	featureSetsUL-ToAddModList				SEQUENCE (SIZE(1..maxUplinkFeatureSets)) OF FeatureSetUplink		OPTIONAL,
	featureSetsUL-PerCC-ToRemoveList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetUplinkPerCC-Id		OPTIONAL,
	featureSetsUL-PerCC-ToAddModList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetUplinkPerCC		OPTIONAL,

	-- Delta signalling for feature set combinations
	featureSetCombinationToRemoveList		SEQUENCE (SIZE(1..maxFeatureSetCombinations)) OF FeatureSetCombinationId		OPTIONAL,
	featureSetCombinationToAddModList		SEQUENCE (SIZE(1..maxFeatureSetCombinations)) OF FeatureSetCombination		OPTIONAL

This code snippet could be located wherever the UE capability ID is sent (e.g. in Msg5 and/or the UECapabilityInformation message).  It can itself grow somewhat large if many items are added to the lists, but the intention is that this should be used for relatively small deviations from the capability coded by the original ID.
Note that it would be possible for a UE to create an internally inconsistent capability structure, for example by removing all the feature set combinations for a certain band combination but not removing the band combination itself.  There should thus be a requirement on the UE to maintain consistency in the capability structure.
Proposal 4: The UE is required to set the delta signalling fields in such a way that the resulting capability structure is internally consistent.
As indicated in the introduction, SA2 have agreed to the delta signalling approach provided RAN2 find it feasible.  We therefore suggest sending an LS to SA2 to confirm this.
Proposal 5: Include in a response LS to SA2 that from RAN2 perspective it is feasible to use delta signalling with the UE capability ID.
Conclusion
This document promulgated the following proposals:
Proposal 1: From a RAN2 perspective, the use cases justify supporting delta signalling along with the UE capability ID.
Proposal 2: The baseline set of fields in UE-NR-Capability and UE-MRDC-Capability for which delta signalling is supported comprises supportedBandCombinationList, featureSets, and featureSetCombinations.  Additions to this set can be discussed.
Proposal 3: The delta signalling for UE capabilities can be supported by ToRemove/ToAddMod lists for the affected fields.
Proposal 4: The UE is required to set the delta signalling fields in such a way that the resulting capability structure is internally consistent.
Proposal 5: Include in a response LS to SA2 that from RAN2 perspective it is feasible to use delta signalling with the UE capability ID.
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